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between particular frequency compo-
nents (Gray and Singer, 1989; Siegel
and Konig, 2003). But perhaps more
seriously, a significant phase nonline-
arity would distort the temporal rela-
tionship of LFP components with
spiking activity depending on the dis-
tances between the sources of the
two signals and the electrode. This
would presumably make it both harder
to measure and to interpret changes in
coherence between spikes and the
LFP due to different behavioral states,
such as attention (Fries et al., 2001;
Womelsdorf et al., 2006; Buschman
and Miller, 2007; Saalmann et al., 2007).
Finally, Logothetis et al. (2007)
found that gray matter is isotropic,
and thus signal transmission is unaf-
fected by recording location. In our
music example, we assume that the
listeners are far away enough from
the instruments that we can approxi-
mate the distances from each instru-
ment as all being equal. Thus, in an
isotropic medium, we expect the ex-
perience to be the same for listeners
A and B. However, in an anisotropic
medium, it is possible for their experi-
ences to differ. Imagine that listener
B opted for a cheap seat with a par-
tially obstructed view (dotted line). This
obstruction creates an anisotropy:
since the wall is between listener B
and all instruments except the piano,
the drum and bass are attenuated rela-
tive to the piano. For listener A, who has
an unobstructed view, the relative vol-
ume of each instrument is preserved.
Thus, in isotropic gray matter we can
assume that the relative strength of
signals is based on the summing of
distant sources attenuated by a factor
proportional only to their distance from
the recording electrode. This quality of
gray matter thus allows neurophysiolo-
gists to pursue variations in LFP signals
across the depths of cortical tissue
(e.g., Chrobak and Buzsaki, 1998) with
less concern that it is the medium itself
that causes the variations.
Taken together, the observations of
Logothetis and colleagues indicate
that the cortex is a fairly safe place
within which to measure and interpret
LFPs in our increased attempt to
understand what they reveal about the
computations carried out by cortical
circuits.
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Dendrites and axons exhibit different morphologies and patterns of growth. This difference in neuro-
nal structure is controlled by evolutionarily conserved directed trafficking through the secretory
pathway.The development of neuronal circuits
requires the growth of long extended
axons as well as elaborate dendritic
arbors with stereotyped patterns of
branching and elongation. These two686 Neuron 55, September 6, 2007 ª200neuronal compartments—axons and
dendrites—have long been known to
differ in morphology, cytoskeletal or-
ganization, signaling properties, and
physiological function. Indeed, spatial7 Elsevier Inc.patterns of axonal projection or den-
dritic elaboration have served to define
neuronal cell types for more than a cen-
tury. Such polarization of neurons into
compartments specialized for either
Neuron
Previewsreceiving (dendrites) or transmitting
(axons) cellular signals provides the
foundation for all neural circuitry.
As suggested by their distinct mor-
phologies and molecular composition,
the growth of axons and dendrites dif-
fers in timing, rate, dynamics, and re-
sponsiveness to guidance cues (Par-
rish et al., 2007; Polleux et al., 2007).
Despite their obvious importance in
establishing neural circuits, the mech-
anisms involved in the selective mor-
phogenesis of dendrites and axons
have remained enduring questions in
neuronal cell biology. Quite naturally,
studies to date have focused on the
cytoskeletal organization, transcrip-
tional programs, or signaling mecha-
nisms that distinguish axons and den-
drites (Arimura and Kaibuchi, 2007;
Parrish et al., 2007; Polleux et al.,
2007). Yet, requisite for both functional
and structural specificity of these two
polarized neuronal domains is the
spatially precise addition of plasma
membrane to construct nature’s most
polarized cells. Now, a recent paper
in Cell from the laboratory of Yuh
Nung Jan reports that the growth of
dendrites, but not axons, requires
membrane trafficking through the
classical secretory pathway via the
endoplasmic reticulum (ER) and Golgi
apparatus (GA) (Ye et al., 2007).
Ye et al. began by performing an el-
egant genetic screen in Drosophila to
identify dendritic morphology mutants.
They focused on the class IV da neu-
rons of the larval fly peripheral nervous
system, which have extensive multipo-
lar dendrites and a nontapering axon
reminescent of mammalian neurons.
From this screen, they identified mu-
tants that had selective defects in den-
dritic but not axonal outgrowth, which
they termed dendritic arbor reduction
(dar). Intriguingly, three of these mu-
tants (dar2, dar3, and dar6) encoded
proteins with core functions in ER-to-
Golgi vesicular transport. The dar2
gene corresponded to the Drosophila
homolog of Sec23, a core component
of COPII coats that mediate vesicle
budding from the ER. The dar3 gene
corresponded to Sar1, the small
GTPase that recruits COPII coats for
vesicular budding from the ER. The
dar6 gene corresponded to Rab1,a Rab-family small GTPase that, in
mammalian cells, localizes to mem-
branes of the ER-Golgi interface and
regulates ER-to-Golgi trafficking.
Thus, three distinct mutations in the
general machinery for forward secre-
tory trafficking produce selective
growth defects in class IV da neuron
dendrites.
At first glance, the selective involve-
ment of secretory trafficking in den-
dritic growth, but not axonal growth,
might seem surprising given the ubiq-
uitous importance of ER-to-Golgi traf-
ficking in plasma membrane genera-
tion. However, previous studies had
found that dendrites, but not axons,
contain morphologically identifiable
organelles of the secretory pathway
(Gardiol et al., 1999; Pierce et al.,
2001; Horton and Ehlers, 2003; Aridor
et al., 2004) capable of receiving and
transporting ER-derived secretory
cargo (Horton and Ehlers, 2003). More-
over, in mammalian cortical and hip-
pocampal pyramidal neurons, the GA
and ongoing secretory cargo flux is
polarized toward long primary den-
drites, but not axons (Horton et al.,
2005). In addition, small Golgi outposts
partition selectively into longer den-
drites, residing frequently at dendritic
branch points, and are excluded from
axons (Horton et al., 2005). Corre-
spondingly, manipulations that block
Arf1-dependent or protein kinase D
(PKD)-dependent Golgi trafficking
halt dendrite growth with little effect
on axons (Horton et al., 2005). Having
extended these observations into the
Drosophila peripheral nervous system,
the findings of Ye et al. provide com-
pelling genetic evidence that polarized
secretory trafficking is a conserved
mechanism for the selective growth
of dendrites across phylogeny.
Expanding their own observations
across evolution to mammalian neu-
rons, Jan and colleagues focused on
perturbing the Sar1 GTPase (dar3) to
block cargo export from the ER.
Knockdown of Sar1 in cultured rat hip-
pocampal neurons reduced dendritic
growth with no measurable effect on
axonal growth. Interestingly, siRNA
knockdown of Sar1 reduced the influx
of the membrane protein marker
mCD8-EGFP from the soma into theNeuron 55, Seproximal segments of dendrites, but
not into proximal axon segments.
Although the relative contribution of
lateral diffusion, postendocytic recy-
cling, and secretory vesicular trans-
port of mCD8-EGFP is not yet clear,
these findings support polarized traf-
ficking of ER-derived membrane cargo
into dendrites.
A burning question in the field of
dendritic membrane trafficking is the
degree to which secretory trafficking
through the ER and Golgi occurs lo-
cally in dendrites. This is particularly
relevant as several forms of postsyn-
aptic plasticity have been postulated
to involve local translation of integral
membrane proteins, such as neuro-
transmitter receptors and ion chan-
nels, in dendrites (Raab-Graham et al.,
2006; Mameli et al., 2007). In some
cases, changes in synaptic function
measured electrophysiologically as-
cribed to local membrane protein
synthesis have been observed within
10–20 min (Mameli et al., 2007). Yet,
unlike newly synthesized cytosolic pro-
teins, membrane proteins must transit
the secretory pathway, and the fastest
measured transport of newly translated
membrane proteins from the ER
through the GA to the plasma mem-
brane is on the order of 30 min (Hirsch-
berg et al., 1998). Indeed, in the case of
multimeric channels, transport from the
ER to the plasma membrane can take
hours (Devreotes et al., 1977; Greger
et al., 2002), producing a temporal co-
nundrum for rapid synaptic plasticity
or fast changes in dendritic membrane
composition.
In most mammalian cells, the GA
exists as a single-copy perinuclear or-
ganelle, and membrane cargo emerg-
ing from the cell-wide ER network is
transported centripetally to the GA. In
mammalian neurons, the neuronal GA
consists of Golgi stacks in the soma
and discrete Golgi outposts in a sub-
population of dendrites (Gardiol et al.,
1999; Pierce et al., 2001; Horton and
Ehlers, 2003; Horton et al., 2005), and
both long-range transport of ER-
derived cargo to the soma and short-
range transport to Golgi outposts
occur in tandem (Horton and Ehlers,
2003). Golgi outposts are most abun-
dant in primary apical dendrites andptember 6, 2007 ª2007 Elsevier Inc. 687
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PreviewsFigure 1. Proposed Role for Secretory Trafficking in Dendritic Growth
Shown is a simplified summary of the relationship between ER-to-Golgi trafficking, localization of
Golgi outposts, and dendritic remodeling in class IV da neurons of the Drosophila peripheral
nervous system.
(A) Wild-type neurons (WT) possess elaborate dendritic branches containing oval-shaped Golgi
outposts (black arrows), which are frequently localized to branch points. In dar3 (Sar1) mutants,
ER export is attenuated, producing a global defect in forward secretory trafficking (black crossed
arrows) that dramatically reduces dendritic growth and branching, although the growth of axons
and their arborization in the ventral nerve cord (VNC) are not affected. See also (Horton et al.,
2005).
(B) Golgi outpost movement (blue arrows) correlates with dendritic branch remodeling (red
arrows). (1) Displacement of Golgi outposts toward distal sections are associated with branch
elongation, likely due to a local delivery of secretory cargo. (2) Conversely, branch retraction cor-
relates with retrograde movements of Golgi outposts toward more proximal segments. (3) Focal
laser damage of Golgi outposts abrogates dendritic branch dynamics.frequently reside at branch posts (Hor-
ton et al., 2005), which suggests a role
in directing membrane traffic for local
morphogenesis. Ye et al. shed light on
this topic by performing time-lapse
analysis of class IV da neuron dendrite
dynamics while visualizing Golgi out-
posts. Remarkably, the entrance or
exit of Golgi outposts into a branch cor-
related with branch growth and
retraction, respectively. Further, focal
laser damage of the dendrite at the
site of a Golgi outpost abruptly halted
branch elongation and, perhaps sur-
prisingly, branch retraction (Ye et al.,
2007), with the latter suggesting addi-
tional roles for Golgi outposts beyond
simply supplying membrane.
How do Golgi outposts become
localized in dendrites? One major
mechanism regulating the positioning
of the GA in cells is its association
with the minus-end directed microtu-
bule motor dynein. Taking advantage
of the Drosophila golgin protein Lava
lamp (Lva), which couples the Golgi
to the dynein/dynactin complex, Ye
et al. disrupted Lva and observed688 Neuron 55, September 6, 2007 ª20changes in the relative sizes and abun-
dance of proximally and distally situ-
ated Golgi outposts. Most tellingly,
the local branching pattern of class IV
da neurons correlated with the abun-
dance of dendritic Golgi (Ye et al.,
2007). These results provide strong
evidence that local dendritic branching
and growth is controlled, in part, by the
dynamics and abundance of dendritic
Golgi outposts, likely by directional
trafficking of secretory cargo into spe-
cific branches (Horton et al., 2005)
(Figure 1).
More study is clearly needed. One of
the most striking aspects of the results
of Ye et al. is the conservation of den-
dritic organelle organization between
fly and mammalian neurons. This is
all the more surprising for the GA,
which in mammalian cells is character-
istically comprised of a single central
ribbon of cisternal stacks, but in Dro-
sophila exists as dispersed stacks
throughout the cytosol. The single-
copy nature of the GA in mammalian
cells might explain the relative infre-
quency of dendritic Golgi outposts in07 Elsevier Inc.mammalian neuron dendrites (Horton
et al., 2005). It will be important for
future studies to examine the distribu-
tion of the GA and other secretory
compartments in many more classes
of neurons in flies and mammals. It is
also interesting to note that, along
with a selective requirement for secre-
tory trafficking, dendrite arborization
of Drosophila olfactory projection
neurons exhibits a preferential require-
ment for mitochondrial protein trans-
lation (Chihara et al., 2007). Thus,
dendrites in multiple classes of neu-
rons have biosynthetic resource
requirements distinct from axons.
Despite intense study in model
mammalian cell systems and yeast,
little is known of the molecular mecha-
nisms that generate, maintain, or dis-
perse dendritic secretory organelles.
A principal guiding framework of neu-
robiology has been that neuronal
form reflects connectivity and func-
tion. Neuronal form is, by definition,
the three-dimensional organization of
the neuronal plasma membrane.
Thus, implicit in this principal guiding
framework is the notion that mem-
branes are the raw material of neural
circuitry. Understanding the spatial
regulation of secretory trafficking will
help reveal how neurons manipulate
membranes to mold microcircuitry.
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A recent paper published by Kim
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Background
All animals communicate with chemi-
cal signals. In other words, chemicals
emitted by one member of the species
(typically in urine or through special-
ized scent glands) convey messages
to other members of the same species.
These messages are typically related
to ‘‘social’’ interaction and are espe-
cially prevalent in interactions related
to reproduction (reviewed in Brennan
and Kendrick, 2006). For example,
one animal can convey to the other its
level of ‘‘willingness’’ to mate via such
signals. However, this chemical inter-
action goes far beyond mere signaling.
For example, a mature female rodent
can delay the puberty of other (‘‘com-
petitive’’) female rodents by deploying
such a chemical signal. In turn, a male
rodent can accelerate the puberty of
female rodents by emitting a different
chemical signal. An especially dra-
matic instance of such chemical com-
munication, termed the Bruce effect,
entails an abortion of pregnancy fol-
lowing exposure to a chemical signal
emitted by a male who was not the fa-
ther, if occurring within a critical time
window of the pregnancy. In otherPierce, J.P., Mayer, T., and McCarthy, J.B.
(2001). Curr. Biol. 11, 351–355.
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behavior.
words, when a pregnant rat smells
that particular smell, the pregnancy is
aborted (reviewed in Brennan and Ken-
drick, 2006, and references therein).
The chemical signals that take part
in these communications are often
termed pheromones. The application
of this originally entomological term to
the behavior of mammals, however,
has been the source of much contro-
versy, and in this respect, has not
served to further the investigation of
mammalian chemosignaling.
In mammals, chemosignals are
transduced through a series of sense
organs located typically in the nose
and mouth. Most notable of these
sense organs are the main olfactory
system, trigeminal nerve endings, and
accessory olfactory—or vomero-
nasal—system. Decades of research
into chemical communication have
taught us that most (but not all) signals
related to reproduction behavior are in
fact processed in the third above-
mentioned subsystem, namely the
vomeronasal system (reviewed in
Brennan and Kendrick, 2006, and ref-
erences therein). The vomeronasal
system has receptors housed within
Neuron 55, SeRaab-Graham, K.F., Haddick, P.C., Jan, Y.N.,
and Jan, L.Y. (2006). Science 314, 144–148.
Ye, B., Zhang, Y., Song, W., Younger, S.H., Jan,
L.Y., and Jan, Y.N. (2007). Cell 130, in press.Max-Planck-Institut fu¨r medizinische
ael
ibes the emergence of male-type
ccessory olfactory system. The
ttern that is otherwise constantly
e accessory olfactory system. In
how these findings in the mouse
a specialized sense organ often
termed the vomeronasal organ, or
VNO. The VNO is located in some ani-
mals in the nose, in others on the roof
of the mouth, and in some it takes the
form of a duct communicating be-
tween the nose and mouth. Following
transduction, signals are conveyed
via the vomeronasal nerve to the ac-
cessory olfactory bulb, and from there
directly to limbic targets such as amyg-
dala and hypothalamus, where these
signals influence limbic-type behavior,
both directly and through production
and regulation of hormones. The spe-
cific role of the VNO in mediating che-
mosignals related to reproduction
was mostly elucidated through abla-
tion studies where the sensory organ
was abolished. For example, if you
lesion the main olfactory system of
a rat, the Bruce effect persists. By con-
trast, if you lesion the rat VNO, the
Bruce effect is eliminated (Brennan
and Kendrick, 2006, and references
therein). In other words, the VNO is crit-
ical for particular types of chemical
communication.
Modern genetics has introduced an
alternative method to ablation, namely
ptember 6, 2007 ª2007 Elsevier Inc. 689
